
USOO591.8115A 

United States Patent (19) 11 Patent Number: 5,918,115 
Kikuchi et al. (45) Date of Patent: Jun. 29, 1999 

54 METHOD OF MANUFACTURING A (51) Int. Cl. .............................................. H01L 21/332 
SURROUNDING GATE TYPE MOSFET 52 U.S. Cl. .......................... 438/138; 438/206; 438/212; 

Y 438/270 

75 Inventors: SEEN 58 Field of Search ..................................... 438/137, 138, 
s s s 438/2O6. 207, 212 268. 27O 220, 197 

Hiratsuka; Hayao Ohzu, Kawasaki; /206, s s s s s 

Shunsuke Inoue, Yokohama; Yoshio 
Nakamura, Atsugi, Takeshi Ichikawa, 56) References Cited 
Zama; Osamu Ikeda, Tokyo; 
Tetsunobu Kohchi, Hiratsuka, all of U.S. PATENT DOCUMENTS 
Japan 4,670,768 6/1987 Sunami et al. .......................... 438/212 

5,155,054 10/1992 Itoh .................... ... 437/45 
73 Assignee: Canon Kabushiki Kaisha, Tokyo, 5,169,795 12/1992 Nishizawa et al. . ... 437/41 

Japan 5,177,027 1/1993 Lowrey et al. ........................... 437/38 

21 Appl. No.: 08/901,936 Primary Examiner Tuan H. Nguyen 
Attorney, Agent, or Firm-Fitzpatrick, Cella, Harper & 

22 Filed: Jul. 29, 1997 Scinto 

Related U.S. Application Data 57 ABSTRACT 

60 Continuation of application No. 08/406,250, Mar. 17, 1995, A semiconductor device including: insulated gate type 
abandoned, which is a division of application No. 07/872, transistor having a columnar Semiconductor region formed 
295, Apr. 22, 1992, Pat. No. 5,466.961. on the main Side of a Semiconductor Substrate, a gate 

electrode formed on the Side Surface of the columnar Semi 30 Foreign Application Priority Data - 0 
conductor region while interposing a gate insulating film and 

Apr. 23, 1991 JP Japan ...................................... 3-92304 main electrode regions respectively formed on and formed 
Apr. 23, 1991 JP Japan ... ... 3-92305 below the columnar Semiconductor region; and a memory 
Apr. 26, 1991 JP Japan ... ... 3-97243 element which is formed on the upper main electrode region 
Jun. 28, 1991 JP Japan ... and which can be broken electrically. 
Jun. 28, 1991 JP Japan ... 
Jun. 28, 1991 JP Japan ..., 
Jun. 28, 1991 JP Japan .................................... 3-184171 6 Claims, 112 Drawing Sheets 

  



U.S. Patent Jun. 29, 1999 Sheet 1 of 112 5,918,115 

  



U.S. Patent Jun. 29, 1999 Sheet 2 of 112 5,918,115 

F G. 2 

  



U.S. Patent Jun. 29, 1999 Sheet 3 of 112 5,918,115 

  



U.S. Patent Jun. 29, 1999 Sheet 4 of 112 5,918,115 

F G. 4 

  



U.S. Patent Jun. 29, 1999 Sheet 5 of 112 5,918,115 

P G. 5 

, 
W. 

  



U.S. Patent Jun. 29, 1999 Sheet 6 of 112 5,918,115 

F G. 6 

  



U.S. Patent Jun. 29, 1999 Sheet 7 of 112 5,918,115 

P G. 7 

  



U.S. Patent Jun. 29, 1999 Sheet 8 of 112 5,918,115 

F G. 8 

  



5,918,115 Sheet 9 of 112 Jun. 29, 1999 U.S. Patent 

F G. 9 

CD 

(\] O 9 

1OO2 

1OO2 

1OO1 

  



U.S. Patent Jun. 29, 1999 Sheet 10 of 112 5,918,115 

  



5,918,115 Sheet 11 of 112 Jun. 29, 1999 U.S. Patent 

  



U.S. Patent Jun. 29, 1999 Sheet 12 of 112 5,918,115 

  



U.S. Patent Jun. 29, 1999 Sheet 13 of 112 5,918,115 

o 

  



U.S. Patent Jun. 29, 1999 Sheet 14 of 112 5,918,115 

F G. 4 

  



U.S. Patent Jun. 29, 1999 Sheet 15 0f 112 5,918,115 

to 

  



U.S. Patent Jun. 29, 1999 Sheet 16 of 112 5,918,115 

  



U.S. Patent Jun. 29, 1999 Sheet 17 Of 112 5,918,115 

N 

  



U.S. Patent Jun. 29, 1999 Sheet 18 of 112 5,918,115 

o 

g 

  



U.S. Patent Jun. 29, 1999 Sheet 19 of 112 5,918,115 

o 

  



5,918,115 Sheet 20 of 112 Jun. 29, 1999 U.S. Patent 

  



5,918,115 Sheet 21 of 112 Jun. 29, 1999 U.S. Patent 

  



U.S. Patent Jun. 29, 1999 Sheet 22 of 112 5,918,115 

  



U.S. Patent Jun. 29, 1999 Sheet 23 of 112 5,918,115 

  



U.S. Patent Jun. 29, 1999 Sheet 24 of 112 5,918,115 

F G. 2 4 

  



U.S. Patent Jun. 29, 1999 Sheet 25 of 112 5,918,115 

F G. 25 

  



U.S. Patent Jun. 29, 1999 Sheet 26 of 112 5,918,115 

F G. 26 

  



U.S. Patent Jun. 29, 1999 Sheet 27 of 112 5,918,115 

F G. 27 

  



U.S. Patent Jun. 29, 1999 Sheet 28 of 112 5,918,115 

F G. 28 

  



U.S. Patent Jun. 29, 1999 Sheet 29 of 112 5,918,115 

72 

71 
- . . . . . . . . . . 
ZZZZZZZZZZZZ ZZZZZZZZZZZZZ2 

MOSFET PWL PWL. 
GATE LENGTH 73 

K 
N 

PWL 

NSUB 



U.S. Patent Jun. 29, 1999 Sheet 30 of 112 5,918,115 

F G. 3 O 

Heuried P* BURIED An 1 V 

  

    

  

  

  



U.S. Patent Jun. 29, 1999 Sheet 31 of 112 5,918,115 

R G. 3 1 

  



U.S. Patent Jun. 29, 1999 Sheet 32 of 112 5,918,115 

F G. 32 

11. 

  



5,918,115 Sheet 33 of 112 Jun. 29, 1999 U.S. Patent 

33 F G 

  



U.S. Patent Jun. 29, 1999 Sheet 34 of 112 5,918,115 

F G. 3 4 

  



U.S. Patent Jun. 29, 1999 Sheet 35 of 112 5,918,115 

P G. 35 



U.S. Patent Jun. 29, 1999 Sheet 36 of 112 5,918,115 

F G. 36 

  



U.S. Patent Jun. 29, 1999 Sheet 37 of 112 5,918,115 

P G. 37 

  



U.S. Patent Jun. 29, 1999 Sheet 38 of 112 5,918,115 

F G. 38 

  



5,918,115 Sheet 39 of 112 Jun. 29, 1999 U.S. Patent 

P G. 39 

1OO2 

  

  

    

  

  



U.S. Patent Jun. 29, 1999 Sheet 40 of 112 5,918,115 

F G. 4 O 

  



U.S. Patent Jun. 29, 1999 Sheet 41 of 112 5,918,115 

8 

  



5,918,115 Sheet 42 of 112 Jun. 29, 1999 U.S. Patent 

F G. 42 A 

F G. 42 B 

311 313 

  



U.S. Patent Jun. 29, 1999 Sheet 43 of 112 5,918,115 

F G. 4 3 

  



U.S. Patent Jun. 29, 1999 Sheet 44 of 112 5,918,115 

F G. 44 
  



U.S. Patent Jun. 29, 1999 Sheet 45 of 112 5,918,115 

F G. 45 A P G. 45 B 
PRIOR ART PRIOR ART 

INSULATOR AI (Y) POLY S (X)   



U.S. Patent Jun. 29, 1999 Sheet 46 of 112 5,918,115 

F G. 46 
PRIOR ART 

  



U.S. Patent Jun. 29, 1999 Sheet 47 of 112 5,918,115 

F G. 47 

  



U.S. Patent Jun. 29, 1999 Sheet 48 of 112 5,918,115 

F G. 48 

  



U.S. Patent Jun. 29, 1999 Sheet 49 of 112 5,918,115 

P G. 49 

  



U.S. Patent Jun. 29, 1999 Sheet 50 of 112 5,918,115 

F G. 5 O 

  



U.S. Patent Jun. 29, 1999 Sheet 51 of 112 5,918,115 

F G. 5 1 

  



U.S. Patent Jun. 29, 1999 Sheet 52 of 112 5,918,115 

F G. 52 

  



U.S. Patent Jun. 29, 1999 Sheet 53 of 112 5,918,115 

P G. 53 

  



U.S. Patent Jun. 29, 1999 Sheet 54 of 112 5,918,115 

P G. 54 

  



U.S. Patent Jun. 29, 1999 Sheet 55 of 112 5,918,115 

P G. 55 
  



U.S. Patent Jun. 29, 1999 Sheet 56 of 112 5,918,115 

F G. 56 

  



U.S. Patent Jun. 29, 1999 Sheet 57 0f 112 5,918,115 

3 

  



U.S. Patent Jun. 29, 1999 Sheet 58 0f 112 5,918,115 

  



U.S. Patent Jun. 29, 1999 Sheet 59 of 112 5,918,115 

  



U.S. Patent Jun. 29, 1999 Sheet 60 of 112 5,918,115 

T 
-- 

O O 
O 

s g 

  



U.S. Patent Jun. 29, 1999 Sheet 61 of 112 5,918,115 

  



U.S. Patent Jun. 29, 1999 Sheet 62 of 112 5,918,115 

  



U.S. Patent Jun. 29, 1999 Sheet 63 of 112 5,918,115 

  



5,918,115 Sheet 64 of 112 Jun. 29, 1999 U.S. Patent 

  



U.S. Patent Jun. 29, 1999 Sheet 65 of 112 5,918,115 
  



U.S. Patent Jun. 29, 1999 Sheet 66 of 112 5,918,115 

F G. 66 
PRIOR ART 

  



U.S. Patent Jun. 29, 1999 Sheet 67 of 112 5,918,115 

F G. 67 
PRIOR ART 

22O 222   



U.S. Patent Jun. 29, 1999 Sheet 68 of 112 5,918,115 

F G. 68 A 

5 O6 
  



5,918,115 Sheet 69 of 112 Jun. 29, 1999 U.S. Patent 

69 F G 

5O2 

(O O LO 

O5 

O3 

  



U.S. Patent Jun. 29, 1999 Sheet 70 of 112 5,918,115 

F G. 7 OA F G. 7 OB 

  



U.S. Patent Jun. 29, 1999 Sheet 71 of 112 5,918,115 

P G. 7 1 A 

5O2 

5O9 

  



U.S. Patent Jun. 29, 1999 Sheet 72 of 112 5,918,115 

F G. 72 

  



U.S. Patent Jun. 29, 1999 Sheet 73 of 112 5,918,115 

G. 73 

PWL. S. 652 

NSUB -VN-651 

P G. 74 

  



U.S. Patent Jun. 29, 1999 Sheet 74 of 112 5,918,115 

G. 75 

P G. 76 

  



U.S. Patent Jun. 29, 1999 Sheet 75 of 112 5,918,115 

G. 77 

669 653 669 667 

  



U.S. Patent Jun. 29, 1999 Sheet 76 of 112 5,918,115 

P G. 79 

it E. E. ill. It 

P G. 8 O 

668 658 657 656 655 671659 

f it, n. 77? n* / 

S1 diff 
) 669 - see census ( 

      

  

  

  

    

  

  

    

  

  

  



U.S. Patent Jun. 29, 1999 Sheet 77 of 112 5,918,115 

F G. 8 1 

666 666 666 

Felix SN Nith S N. axes 
a . Y. Y. 

N N N is 

657 

657 

657 

  

    

  

  



U.S. Patent Jun. 29, 1999 Sheet 78 of 112 5,918,115 

F G. 82 
PRIOR ART 

  



U.S. Patent Jun. 29, 1999 Sheet 79 of 112 5,918,115 

F G. 83 A 

7O 1 
  



U.S. Patent Jun. 29, 1999 Sheet 80 of 112 5,918,115 

F G. 84 

  



U.S. Patent Jun. 29, 1999 Sheet 81 of 112 5,918,115 

P G. 85 

  



U.S. Patent Jun. 29, 1999 Sheet 82 of 112 5,918,115 

F G. 86 

  



5,918,115 

/ 8 (5) | H 

U.S. Patent 

  



5,918,115 Sheet 84 of 112 Jun. 29, 1999 U.S. Patent 
  



U.S. Patent Jun. 29, 1999 Sheet 85 of 112 5,918,115 

F G. 89 

81O 

F G. 9 O 

801 Si3N4 
  



U.S. Patent Jun. 29, 1999 Sheet 86 of 112 5,918,115 

P G. 91 

816 

P G. 92 

827 
829 829 82O 

cy / 824 
1. ( N 
n 

F 

| 

ir T 7 N | 

I a / al K Pic 

816 816 8O 817 

    

  

  

  



U.S. Patent Jun. 29, 1999 Sheet 87 of 112 5,918,115 

F G. 93 

7/7/2 8O2SiO2 
. . . . . . 

81O 

F G. 9 4 

  



U.S. Patent Jun. 29, 1999 Sheet 88 of 112 5,918,115 

F G. 95 

821 823 821   



5,918,115 

86 817 

Sheet 89 of 112 

F G. 96 

817 

Jun. 29, 1999 

87 

U.S. Patent 

  



U.S. Patent Jun. 29, 1999 Sheet 90 of 112 5,918,115 

F G. 97 



U.S. Patent Jun. 29, 1999 Sheet 91 of 112 5,918,115 

F G. 98 

  



U.S. Patent Jun. 29, 1999 Sheet 92 of 112 5,918,115 

F G. 99 

875 as 872 
871 

F G 1 OO 

877 872 

  

  



U.S. Patent Jun. 29, 1999 Sheet 93 of 112 5,918,115 

F G. 1 O 
PRIOR ART 

2O6   



U.S. Patent Jun. 29, 1999 Sheet 94 of 112 5,918,115 

F G. 1 O2 
PRIOR ART 

CHANNEL LENGTH (um) 

  



U.S. Patent Jun. 29, 1999 Sheet 95 of 112 5,918,115 

F G. 1 O 3 
PRIOR ART 

7 OO 

6 OO 

5 OO 

4 OO 

3OO 

2OO 
O. O. O. 1 O2 O 3 O. 4 O.5 O6 O7 

E EFFECTIVE x 1 O6 (VOLT/cm) 

  



U.S. Patent Jun. 29, 1999 Sheet 96 0f 112 5,918,115 

F G. 1 O 4A 
PRIOR ART 

217 

  



U.S. Patent Jun. 29, 1999 Sheet 97 of 112 5,918,115 

F G. 1 O 5 
PRIOR ART 

SK N 

F G. 1 O 6 
PRIOR ART 

  

  



U.S. Patent Jun. 29, 1999 Sheet 98 of 112 5,918,115 

F G. 1 O 7 
PRIOR ART 

VOut 

  



U.S. Patent Jun. 29, 1999 Sheet 99 of 112 5,918,115 

F G. 1 O 8A 

111 112 113 

|--|-- 
L 2 - 1 

F G. O 8B 

P G. 1 O 8C 

P G. 1 O 8 D 

  

  

  
































































































